IN THE SPECIFICATION 

On page 3, line 1-2, please replace "Copending U.S. Patent Application 07/496,572, 
filed March 21, 1990," with -U.S. Patent Number 5,244,912--. On lines 4 £fnd5, please replace 
"copending U.S. Patent Application 07/478,135, filed February 13, 1990," with -U.S. Patent 

Number 5,407,957--. In lines 8-9, f!>lease replace " [serial number to be inserted 

when assigned]" with -Serial No. 07/645,454, now abandoned-. 

On page 4, lines 30-3^please replace "Applications 07/496,572, 07/479,135" with 
—Numbers 5,244,921, 5,407,957--. On lines 32-33^please replace "[serial number to be provided 
when issued by USPTO]" with -Serial. No. 07/645,454, now abandoned--. 

On page 7, line 9/^please replace "application 07/479,135" with -Patent 

No. 5,407,957-. On line Urease replace "application 07/496,572" with -Patent No. 5,244,921-. 

On line 19^please replace the blank with —Serial. No. 07/645,454--. After line 21 ,"please insert the 

following text: 

-Of those fungal species which previously have had their fatty acids characterized, 
it has been found that most do not make ARA. Weete, J.D., Fungal Lipid Biochemistry . 
Plenum Press, NY (1974). Of those species which do make ARA, many, including all 
previously characterized Pythium species, produce significant quantities of 
eicosapentaenoic acid (EPA) in addition to ARA. Table 1 sets forth the fatty acid profile 
of P. insidiosum as well as the fatty acid profile of other species of fungi. Unexpectedly, 
it has been found that P. insidiosum produces ARA without concomitant production of 
EPA. As with fish oils, high EPA levels in dietary supplements result in a depression of 
the ability to form ARA from dietary linoleic acid (LOA). Accordingly, while those fungal 
species producing both ARA and EPA can be utilized in the process of this invention, it is 
preferable to use species which do not produce significant quantities of EPA. Such 
preferred species include Pythium insidiosum and Mortierella alpina. Both species are 
available commercially and are on deposit with the American Type Culture Collective in 
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Rockville, Maryland, having accession numbers 28251 and 42430, respectively. 
Throughout this disclosure, unless otherwise expressly stated, P. insidiosum will be the 
representative fungal species. 

One of the significant problems which an embodiment of the present invention 
overcomes, is the depression of ARA biosynthesis in infants caused by the presence of 
enhanced dietary levels of EPA. This problem can be corrected by providing ARA for use 
in infant formula at levels substantially similar to those found in human breast milk. 
Typically in human breast milk, the ratio of ARA:EPA is about 20:1 respectively. The 
present invention specifically contemplates any microbial oil which provides a sufficient 
amount of ARA to overcome the negative effects of dietary EPA. Preferably, the use of 
the ARA-containing oil will result in an ARA:EPA ration of at least about 5:1. More 
preferably, the ratio will be at least about 10: 1 and, most preferably, it will be at least about 
20: 1 . As can be seen, the higher the amount of ARA in the end product, with respect to the 
amount of EPA, the more desirable is the result. 

In a process of the present invention, the fungi are cultivated under suitable ARA- 
containing oil producing cultivating conditions. In general, techniques of fungal cultivation 
are well known to those of skill in the art and those techniques can be applied to the present 
inventive process. For example, cultivation of an inoculating amount of fungus can occur 
in submerged culture in shake flasks. The flask is provided with a growth medium, seeded 
with fungal mycelium, and grown on a reciprocating shaker for about three to four days. 

The composition of the growth medium can vary but always contains carbon and 
nitrogen sources. A preferred carbon source is glucose, amounts of which can range from 
about 10-100 grams glucose per liter of growth medium. Typically about 15 grams/liter 
are utilized for shaker flask culture. The amount can be varied depending upon the desired 
density of the final culture. Other carbon sources which can be used include molasses, high 
fructose corn syrup, hydrolyzed starch or any other low cost conventional carbon source 
used in fermentation processes. Additionally, lactose can be provided as a carbon source 
for P. insidiosum. Thus, whey permeate, which is high in lactose and is a very low cost 
carbon source, can be used as a substrate. Suitable amounts of these carbon sources can 
readily be determined by those of skill in the art. Usually, additional carbon needs to be 
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added during the course of the cultivation. This is because the organisms use so much 
carbon that adding it all in a batch mode could prove unwieldy. 

Nitrogen typically is provided in the from of yeast extract at a concentration of from 
about 2 to about 1 5 grams extract per liter of growth medium. Preferably, about four grams 
per liter are provided. Other nitrogen sources can be used, including peptone, tryptone, 
cornsteep liquor, etc. The amount to be added of these sources can easily be determined 
by those of skill in the art. Nitrogen can be added in a batch mode, i.e. all at one time prior 
to cultivation. 

After cultivation for 3-4 days at a suitable temperature, typically about 25-30 °C, 
an amount of fungi has grown which is sufficient for use as an inoculum in a conventional 
stirred tank fermentor (STF). Such fermentors are known to those of skill in the art and are 
commercially available. Fermentation can be carried out in batch, fed-batch, or continuous 
fermentation modes. Preferably, the STF is equipped with a Rushton-type turbine impeller. 

The fermentor is prepared by adding the desired carbon and nitrogen sources. For 
example, a 1.5 liter fermentor can be prepared by mixing about 50 grams of glucose and 
about 1 5 grams of yeast extract per liter of tap water. As previously discussed, other 
carbon or nitrogen sources or mixtures thereof can be used. 

The reactor containing the nutrient solution should be sterilized by, for example, 
heating prior to inoculation. After cooling to about 30 °C, the inoculum can be added, and 
cultivation initiated. Gas exchange is provided by air sparging. The air sparging rate can 
vary, but preferably is adjusted to from about 0.5 to about 4.0 VVM (volume of air per 
volume of fermentor per minute). Preferably the dissolved oxygen level is kept at from 
about 10% to about 50% of the air saturation value of the solution. Accordingly, 
adjustments in the sparge rate may be required during cultivation. Agitation is desirable. 
The agitation is provided by the impeller. Agitation tip speed preferably is set within the 
range of from about 50 cm/sec to about 500 cm/sec, preferably from about 100 to 200 
cm/sec. 

In general, the amount of inoculum can vary. Typically, from about 2% to about 
10% by volume of inoculum can be used. Preferably, in a fermentor seed train about 5% 
by volume of inoculum can be used. 
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Nutrient levels should be monitored. When glucose levels drop below 5 g/1, 
additional glucose should be added. A typical cultivation cycle utilized about 100 grams 
of glucose and about 15 grams of yeast extract per liter. It is desirable to deplete the 
nitrogen during the course of the cultivation as this enhances oil production by the fungi. 
This is especially true when M. alpina is used as the production organism. 

Occasionally, the culture will produce an excessive quantity of foam. Optionally, 
an antifoaming agent, such as those known to those of skill in the art, e.g. Mazu 310®, can 
be added to prevent foam. 

The temperature of cultivation can vary. However, those fiingi which produce both 
ARA and EPA tend to produce less EPA and more ARA when cultivated at higher 
temperatures. For example, when Mortierella alpina is cultivated at less than 18°C, if 
begins to produce EPA. Thus, it is preferable to maintain the temperature at a level which 
induces the preferential production of ARA. Suitable temperatures are typically from about 
25 °C to about 30°C. 

Preferably, cultivation continues until a desired biomass density is achieved. A 
desirable biomass is about 25 g/1 of the organism. Such a biomass typically is attained 
within 48-72 hours after inoculation. At this time, the organisms typically contain about 
5-40% complex lipids, i.e. oil, of which about 10-40% is ARA, and can be harvested. 

Harvesting can be done by any suitable method such as, for example, filtration, 
centrifugation, or spray drying. Because of lower cost, filtration may be preferred. 

After harvesting, the mycelial cake can be extracted. The mycelial cake refers to 
the collection of biomass resulting after harvest. The cake can be loose or pressed, 
crumbled or uncrumbled. Optionally, the cake can have any residual water removed, as by 
vacuum drying or lyophilization, prior to extraction. If this option is selected, it is 
preferable to use nonpolar solvents to extract the ARA-containing oil. while any non-polar 
extract is suitable, hexane is preferred. 

Alternatively, the wet cake (which typically contains about 30-50% solids) can be 
crumbled and extracted directly using polar solvents such as ethanol or isopropyl alcohol, 
or supercritical fluid extraction with solvents such as C0 2 or NO. Preferably, the cakes are 
crumbled prior to extraction. Advantageously, the present invention permits the 
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